bacteria from the intestinal contents of deep-sea fishes (Coryphaenoides yaquinae, Coryphaenoides armatus, and Ilyophis sp.) retrieved from depths of 3,100 m to 6,100 m using crab pot fishing during surveys of R/V Soyo Maru in the Northwest Pacific Ocean (Nakayama et al., 1994; Yano et al., 1995 Yano et al., , 1997 . Compared with deep-sea water and sediment samples, the intestines of deep-sea fishes are specific and exceptional habitats with an abundance of organic matter in the deepsea environments. Therefore, in this study to compare between bacteria in intestines of deep-sea fishes and ones from deep-sea water and sediment samples, we carried out phylogenetic analysis of our deep-sea piezophilic bacteria based on nucleotide sequences of 16S rRNA gene. Moreover, we examined the relationship between the depths from which the samples were retrieved and the piezophilism of the bacteria isolated from them.
Deep-sea fishes (Coryphaenoides yaquinae, Coryphaenoides armatus, and Ilyophis sp.) were retrieved from depths of 3,100 m to 6,100 m at 10 stations in the northwestern Pacific Ocean in 1989, 1990, 1991, and 1992 by the R/V Soyo Maru's crab pot fishing as reported previously (Nakayama et al., 1994; Yano et al., 1995 Yano et al., , 1997 . The sampling method of the intestines from these deep-sea fishes and the isolation of deep-sea bacteria from these intestinal contents were reported in the previous papers (Nakayama et al., 1994; Yano et al., 1995 Yano et al., , 1997 . The data in the previous papers are summarized in Table 1 . The total number of strains isolated at the in situ pressures was 76 strains and total number of strains isolated at atmospheric pressure (0.1 MPa) was 75 strains. The strains isolated at the in situ pressures corresponding to the habitats of the deep-sea fishes were maintained in retortable pouches (nylon-CCP; Sanei Chemical Industry, Tokyo, Japan) containing marine broth (Difco, MI, USA) at 5°C and the in situ pressures. The strains isolated at 0.1 MPa were maintained on marine agar slants (Difco) at 5°C. After 1997, all the strains isolated at 0.1 MPa were stored with 13% glycerol at Ϫ80°C. After 1998, all the strains isolated at the in situ pressures were also stored with 13% glycerol at Ϫ80°C.
Thirty-eight strains were selected at random from the strains stored as described above and used in this study. These strain numbers are shown as bold in Table 2 . Strain numbers with 'T' as the first letter, which were isolated at 0.1 MPa, were cultivated in marine broth at 5°C and 0.1 MPa . The other strains, which were isolated at the in situ pressures, were cultivated in marine broth at 5°C and the in situ pressures as described previously (Nakayama et al., 1994; Yano et al., 1997) .
Experiments on the piezophilism of the strains were carried out as described previously . However, strains 47A1 and 47B1 were cultivated at 31.0 MPa and strain 56A1 was cultivated at 62.1 MPa for experimental convenience.
To harvest cells for extraction of chromosomal DNA, strains T4611, T4702, T4708, T4713, T4714, and T5304 were incubated in marine broth with shaking at 120 rpm, but the other strains with 'T' as the first letter were incubated on marine agar (Difco) at 5°C and 0.1 MPa. All the strains which were isolated at the in situ pressures were incubated as described above.
Extraction of chromosomal DNAs from the cells harvested, preparation of the DNA solutions for PCR templates, PCR amplification of the 16S rRNA genes, and sequencing of the PCR products were carried out as described previously . However, sequencing of the PCR products of strains  2C2, 16H2, 33F1, 33H2, 36A1, 36B1, 36C1, 36G1,  38F1, T4611, 47B1, T4702, T4708, T4713, T4714,  T5304 , and 56A1 was determined by Macrogen, Inc. (Seoul, Korea) . Their procedure was as follows: the Table 1 . Characteristics of deep-sea fishes retrieved from depths of 3,100 to 6,100 m in the Northwest Pacific Ocean and the numbers of strains isolated from these intestinal contents at the in situ pressures and 0. 
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a The data on sample nos. 2, 33, and 36 and the numbers of strains isolated at the in situ pressures were reported previously (Nakayama et al., 1994) , the data on sample nos. 36, 40, 41, 46, 47, 53 , and 56 and the numbers of strains isolated at 0.1 MPa (1 atm) were reported previously , and the data on sample nos. 16 and 38 were reported previously .
b The pressure at the depths of sample nos. 2, 16, 33, 36, 38, 40, 41, 46, 47, 53, and 56 was approximately 61.8, 32.4, 54.7, 47.6, 59.8, 59.8, 59.8, 43.6, 32.4, 53.7, and 56.7 MPa, respectively. Instead of these pressures, however, the pressures shown in this table were finally used as the in situ pressure for experimental convenience. (Brosius et al., 1978; Weisburg et al., 1985) , respectively, was used. Multi-alignments of the resultant sequences, phylogenetic analyses, and construction of a phylogenetic tree were carried out as described previously . The nucleotide sequence data determined in this study have been deposited in the DDBJ nucleotide sequence databases with accession numbers AB183489-AB183514 and AB183749.
To investigate the phylogenetic relationship of the 38 deep-sea bacterial strains isolated at the in situ pressures and 0.1 MPa from intestinal contents of deep-sea fishes (Coryphaenoides yaquinae, Coryphaenoides armatus, and Ilyophis sp.) which were retrieved from the depths of 3,100 m to 6,100 m, 16S rRNA genes amplified by PCR were subjected to a sequence analysis. A phylogenetic tree based on 16S rRNA gene sequences of these deep-sea bacterial strains is shown in Fig. 1 . As additional information for the phylogenetic analysis, Table 2 lists the depths from which deep-sea samples were retrieved, the piezophilism of the deep-sea bacteria isolated from (Deming et al., 1984) , 17 (Nakayama et al., 1994) , 18 (Nogi et al., 1998a) , 19 , 20 (Deming et al., 1988) , and 21 (Kato et al., 1998) . a Detailed data of the deep-sea fish samples are listed in Table 1 . b Piezophilism of strains was determined with data at the in situ temperatures. c Nine strains (strains T4701, T4703, T4704 , T4705, T4707, T4717, T4718, T4719, and T4720) for which the piezophilism was determined out of 20 strains isolated from sample no. 47 at 0.1 MPa were all facultatively piezophilic as described previously (Yano et al., 1995) . d ND means "not determined." e One strain (strain 16C1) for which the piezophilism was determined out of 9 strains isolated from sample no. 16 at the in situ pressure was facultatively piezophilic as described previously . f Nine strains (strains T4601, T4602, T4603, T4604, T4606, T4608, T4610, T4612, and T4613) for which the piezophilism was determined out of 13 strains isolated from the sample at 0.1 MPa were all facultative piezophilic as described previously . g One strain (strain 36H1) for which the piezophilism was determined out of 15 strains isolated from sample no. 36 at the in situ pressure was obligately piezophilic as described previously . Moreover, 9 strains (strains T3601, T3602, T3603, T3609, T3615, T3617, T3618, T3619, and T3620) out of 14 strains isolated from the sample at 0.1 MPa were facultatively piezophilic as described previously . h Strain DSS12 was reported to be a moderately barophilic (piezophilic) Shewanella species . i One strain (strain 33E1) for which the piezophilism was determined out of 23 strains isolated from sample no. 33 at the in situ pressure was facultatively piezophilic as described previously . j One strain (strain T5303) and 6 strains (strains T5305, T5306, T5307, T5308, T5309, and T5310) for which the piezophilism was determined out of 10 strains isolated from sample no. 53 at 1.0 MPa were facultatively piezophilic and piezotolerant, respectively, as described previously . k Two strains (strains 56D1 and 56E1) for which the piezophilism was determined out of 5 strains isolated from sample no. 56 at the in situ pressure were obligately piezophilic as described previously . l One strain (strain 38D1) for which the piezophilism was determined out of 12 strains isolated from sample no. 38 at the in situ pressure was obligately piezophilic as described previously . m Eight strains (strains 2A1, 2A2, 2A3, 2A4, 2A5, 2A6, 2C1, and 2D1) for which the piezophilism was determined out of 10 strains isolated from sample no. 2 at the in situ pressure were all obligately piezophilic as described previously (Nakayama et al., 1994) . n Strain DSK1 was reported to be a moderately barophilic (piezophilic) Shewanella species . o It was reported that strains DB172F and DB172R were obligately barophilic (piezophilic) . However, their data showed that these strains were piezotolerant and facultatively piezophilic at 4°C, respectively. p Piezophilism of the strain was determined at 10°C (Kato et al., 1998) . Fig. 1 . Phylogenetic tree based on 16S rRNA gene sequences of 38 deep-sea bacterial strains that were isolated from the intestinal contents of deep-sea fishes.
The scale represents one nucleotide substitution per 100 nucleotides. Bootstrap confidence values obtained from the CLUSTAL X program (Thompson et al., 1997) are given at the branch points, and values of less than 500 were omitted. The DDBJ/GenBank/EMBL accession numbers of the reference bacteria used in this tree are shown in parentheses. them, and their relationships. The table includes data reported by other researchers for reference. The data were arranged in order of depths of deep-sea samples.
As shown in Fig. 1 , the phylogenetic tree consists of 4 clusters, the genus Halomonas, the genus Shewanella, the genus Pseudoalteromonas, and the genus Moritella.
Strain T5301 exhibited the highest levels of identity (96.3-99.6%) (Pearson and Lipman, 1988) to the 5 Halomonas species, which were isolated from antarctic fast and pack ice samples (Brinkmeyer et al., 2003; Reddy et al., 2003) , marine water samples in Hawaii (Arahal et al., 2002) , and hypersaline lakes in Antarctica (Arahal et al., 2002) . Strain T5301 belonged to a branch of psychrophilic antarctic strains, H. variabilis strain ANT9112 and H. glaciei strain DD39 T (Fig. 1 ).
Seven strains (33F1, 33H2, T3607, T4607, T4609, T4611, and T5302) exhibited the highest levels of identity (94.9-99.8%) to the 5 Shewanella species which were isolated from an arctic sediment and antarctic congelation ice samples (Bowman et al., 1997; Gauthier et al., 1995) , deep-sea mud samples of the Ryukyu Trench (5,110 m depth) and the Japan Trench land-side (6,356 m depth) , and sediments of the South China Sea (73 m depth) (Ivanova et al., 2003) . Five strains (T3607, T4607, T4609, T4611, and T5302) isolated at 0.1 MPa belonged to a cluster with S. hanedai CIP103207 T which was isolated from an arctic sediment sample (Gauthier et al., 1995) and two strains (33F1 and 33H2) isolated at the in situ pressure belonged to another cluster with S. violacea DSS12 and S. benthica DB6705 which both were isolated from deep-sea mud samples retrieved from depths of 5,110 m and 6,356 m, respectively (Kato et al., 1995; Nogi et al., 1998b) (Fig. 1) . First, the 2 facultatively piezophilic strains (33F1 and 33H2) made a cluster with S. benthica DB6705 which is facultatively piezophilic and then the cluster made a bigger cluster with S. violacea DSS12 which is piezotolerant (Kato et al., 1995; Nogi et al., 1998b) (Fig. 1 and Table 2 ). It would appear that the strains isolated at the in situ pressures and the strains isolated at 0.1 MPa each belong to a different cluster. According to the grouping of strains belonging to the genus Shewanella described by Kato and Nogi (Kato and Nogi, 2001 ), there are 2 major branches, Shewanella group 1 which includes piezophilic strains (Shewanella piezophilic branch) and psychrophilic (or psychrotrophic) strains and Shewanella group 2 which includes non cold-adapted strains. Our 7 Shewanella strains are considered to belong to Shewanella group 1. It would appear that strains 33F1 and 33H2 belong to the Shewanella piezophilic branch of Shewanella group 1. However, there were 4 facultatively piezophilic strains and only one piezotolerant strain in the remaining 5 strains (Table 2) .
Strain T5304 exhibited the highest levels of identity (98.5-99.7%) to the 5 Pseudoalteromonas species which were isolated from sea squirt, mussel, and sponge samples Romanenko et al., 1994a Romanenko et al., , b, 2003 Sawabe et al., 2000; Yoon et al., 2003) and a coastal sea water sample (Uchida and Nakayama,1993; Uchida et al., 2002) (Fig. 1) .
Twenty-nine strains [2C2, Moritella sp. 2D2 , strains 16F1, 16H2, 36A1, 36B1, 36C1, 36G1, 38C1, 38F1, 47A1, 47B1, T4702, T4708, T4713, T4714, T4715, 56A1, T5603, T5606, T5607, T5609, T5611, T5612, T5613, T5614, T5616, T5619, and T5620] exhibited the highest levels of identity (96.9-98.5%) to the 6 Moritella species which were isolated from deep-sea water, mud, and sediment samples from depths of 1,200 m to 6,356 m (Hamamoto et al., 1995; Kato et al., 1995 Kato et al., , 1998 Saito and Nakayama, 2004) and from Atlantic salmon (Benediktsdóttir et al., 2000; Lunder et al., 2000) ( Fig. 1) . As the 16S rRNA gene sequences of strains T5603, T5606, T5607, T5609, T5611, T5612, T5613, T5614, T5616, T5619, and T5620 were completely the same, strain T5616 was used as a representative strain of the 11 strains.
In the Moritella cluster, our 29 strains isolated from intestinal contents of deep-sea fishes and the reference strains of 8 Moritella species isolated from deepsea water, mud, and sediment samples and Atlantic salmon formed their own subcluster. In the deep-sea environments, the intestines of deep-sea fishes are exceptional habitats with an abundance of organic matter as compared with ambient oligotrophic deep-sea waters and sediments (Jannasch and Taylor, 1984) . Moreover, it has been demonstrated that in the real world most bacteria undergo mutagenesis in response to starvation and the stationary phase of growth (Rosenberg and Hastings, 2003) . Therefore, the significant difference of concentrations of organic matters between the 2 habitats may cause different mutations in the 2 habitats over a long period. Then, it would seem that the accumulation of the resulting different mutations exhibited such a phylogenetic difference between them. Moritella sp. clone NB65-E was only one exceptional sequence that fell into the subcluster of our Moritella strains. However, the clone was obtained from enrichment cultures of a deep-sea sediment retrieved from the Japan Trench at a depth of 6,292 m with marine broth at 65 MPa without decompression for a maximum 20 days (Yanagibayashi et al., 1999) . Therefore, the enrichment culture with marine broth containing plentiful organic matter like the inside of intestines of deep-sea fishes may select such strains, which fell into the subcluster of our Moritella strains, out of some strains inhabiting in the deep-sea sediment.
In the subcluster of our Moritella strains there were 2 branches. One branch consisted of obligately piezophilic strains, strains 2C2, 38C1, and Moritella sp. 2D2, and Moritella sp. clone NB65-E. Although it is not clear if non-isolated bacteria from which Moritella sp. clone NB65-E was cloned were obligately piezophilic or not, probably this branch consisted of only obligately piezophilic strains. The other branch consisted of both obligately and facultatively piezophilic strains.
Sixty-six strains isolated from deep-sea samples are listed in Table 2 . All the strains including 28 strains isolated by other researchers are arranged in order of depths of the deep-sea samples. Generally speaking, as depths of deep-sea samples became greater, the piezophilism of the strains isolated from the deep-sea samples changed from piezotolerant to facultatively piezophilic and from facultatively piezophilic to obligately piezophilic with the exception of several strains (for example, DSK1, DB172F, DB172R, etc.).
As shown in Table 2 , 3 strains (strains T5301, T5302, and T5304) isolated from sample no. 53 (C. yaquinae) belonged to the genus Halomonas, the genus Shewanella, and the genus Pseudoalteromonas, respectively. Moreover, strains T5301, T5302, and T5304 were piezotolerant, facultatively piezophilic, and piezotolerant, respectively.
Four strains (strains 36A1, 36B1, 36C1, and 36G1) and one strain (strain T3607) isolated from sample no. 36 (Ilyophis sp.) belonged to the genus Moritella and the genus Shewanella, respectively. Moreover, strains 36B1 and 36C1, strain 36G1, and strain T3607 were facultatively piezophilic, obligately piezophilic, and piezotolerant, respectively.
Seven strains isolated from sample no. 47 (C. armatus) all belonged to the genus Moritella and were facultatively piezophilic. Two strains isolated from sample no. 16 (C. armatus) belonged to the genus Moritella and were facultatively piezophilic. Three stains isolated from sample no. 46 (C. yaquinae) belonged to the genus Shewanella and were facultatively piezophilic. Two strains isolated from sample no. 33 (C. yaquinae) belonged to the genus Shewanella and were facultatively piezophilic. Twelve strains isolated from sample no. 56 (C. yaquinae) belonged to the genus Moritella. However, one strain (56A1) was obligately piezophilic and the remaining 11 strains were facultatively piezophilic. Two strains isolated from sample no. 38 (C. yaquinae) and 2 strains isolated from sample no. 2 (C. yaquinae) belonged to the genus Moritella and were obligately piezophilic.
As described above, there was no distinct relationship between the genera of deep-sea bacteria and the species of deep-sea fishes from which the bacteria were isolated. The number of the deep-sea fish samples (intestinal contents) from which strains belonging to several genera and/or several kinds of piezophilism were isolated was only 3 out of 9 samples. The strains from the remaining 6 deep-sea fish samples fell into one genus and one kind of piezophilism.
In a previous paper , we reported that piezophilic bacteria were the predominant inhabitants of abyssal fish intestines by using the most-probable-number (MPN) method with marine broth at in situ pressures. The finding is also supported by the data in Table 2 . Moreover, the table shows that the numbers of our strains belonging to the genus Moritella and the genus Shewanella were 29 and 7 out of the 38 strains examined, respectively and that almost all the strains were facultatively or obligately piezophilic. In particular, all obligately piezophilic strains belonged to the genus Moritella. From these results, when the media containing plentiful organic matter such as marine broth were used for the isolation of deep-sea bacteria under the conditions described in the previous papers (Nakayama et al., 1994; Yano et al., 1995 Yano et al., , 1997 , it seemed that piezophilic Moritella species and Shewanella species were isolated predominantly from the intestinal contents of the deep-sea fishes retrieved from the abyssal zone.
Therefore, though there are some biases inherent to the methodology, this is the first paper on culturebased analysis of genus-level microfloras in intestines of deep-sea fishes retrieved from the abyssal zone. In the near future, non-culture-based molecular methods, for example, cloning of 16S rRNA genes with DNAs extracted directly from intestinal contents of deep-sea fishes and fluorescence in situ hybridization (FISH) using the intestinal contents, are expected to confirm these findings.
